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(711) We, The British Petroleum 
Company Limited, of Britannic House, Moor 
Lane, London, E.C2, a company jncoqporated 
in accordance with the Laws of England, do 
hereby declare the invention for whkh we pray 
that a potent may be granted no us, and the 
method by which it is to be performed to be 
partscutoly described m and by the tfoBowong 
statetrnent: — • 

This invention relates to modified ofeopfcffic 
gi^phree, more partaculady it reflates to oteo- 
phrfoc graphite 'baring polymers adsorbed on 
the surface. 

Oleophilic graphite ds prepared by grinding 
a natural or synthetic graphite below the sur- 
face of an organic liquid toll a surface area 
df at teast 20 square metres per gram is 
attained. 

Oleophilic graphite preferably has a heat 
of adsoxpttfon of n-dotnacontane from n-hep- 
tane of at 'least 700 inillkaloi5es per gram 
and a heat of adsorption of n-butanol from 
n-heptane of less than 200 miihcalories per 
gram. 

The heats of adsorption can be measured 
using a Flow Aflkro^orimeter as described 
•in Qjemistry and Industry 20th Maadh, 1955 
p*p. 482. 

Preparation of okopfothc graphitQ by grind- 
ing graphite in an organic HquM is described 
in U.K. Patent 1,168,785. 

OdeophiKc gpsaphite has the property of 
thickening M>ifatrog oils into greases and 
this use of oleophilic graphite is described 
in ILK. Patent l*ltf8,7fM. 

In order to thicken a Jubricadng oil into a 
grease using c4eopb5tic graphite ft is necessary 
to disperse the oleophilic graphite in the xM 3 
and ILK. Fatrat Application 15980/67 Speci- 
fication No. 1,220,451 describes a continuous 
method of farming a grease. 

We have now found that oleophiiic graphke 
can be rendered -more easily dfepersible in. 



lubricating oils by adsorbing on its surface 
certain p&lytmers. 45 

According to the invention .there as provkied 
a modified oleophilic graphite having adsorbed 
on its surface a substantially straight chain 
polymer. 

The dnvention also provides a fabricating 50 
compoOTtnon which comprises a mineral or 
symheaic base oil containing a modified oleo- 
philic graphite as above. 

By substantially straight chain polymer is 
meant a polymer having a major proportion 55 
of its backbone composed of carbon atoms, 
the carbon atoms in the fcaddbone being un~ 
sufasfatuted or substituted by one methyl sub- 
stkuent More preferably there are no sub- 
strtuent groups present $o 

Preferably the- (modified oleoph3fc graphfite 
contains Hess than 2% weight of die straight 
chain polynxr. Though with higher imokcular 
weight polymers eg. above a nnoJecuter weight 
of 500,000 more polymer may be present eg. 65 
less than 5% by weight Preferably not enough 
polymer -is present to form a pofymer mono- 
layer on the graphite. 

As other rwlymers can affect die properties 
of die ^aphke in a different way to straight 70 
chain polymers it Ss possible so have other 
polymers present in die modified oleophiKc 
graphite. 

Both natural and synthetic graphite are 
well-known and readily available. The syn- 75 
thetic material as, for example, produced tfrom 
petroieuim coke by heating to from 1000° to 
3000°€ on a vacuum or inert gas. Typically it 
contains (from 95 to 100% wt carbon. The 
natural material may have a s%brly lower 80 
carbon content than this and usually has a 
larger crystal size. 

OleatfMc graphite can be cfctaSned by 
gmnding in organic Kqudds but at tas desirabfe 
to use one the bulk of which can be easily 85 
removed from the oleophilic grapmte. Those 
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liquids assailing below 500°C and having a 
viscosity below 600 centistokes at 100°F 
(3S C Q are therefore preferred. Liquids having 
a surface tension below 72 dynes/cm., prefer- 
5 ably from 10 to 40 dynes/cm., at 25°C are 
preferred. 

Suitable organic liquids are hydrocarbons, 
including straight-chain or branched-chain 
saturated or unsaturated aliphatic, saturated 
10 or unsaturated, substituted or unsubstmned, 
cydoaiiphatic and substituted or unsuhstkured 
aromatic compounds preferably containing up 
to 10 carbon atoms. Examples of such com- 
pounds are n-heptane, octene-2 > 2A4-tri- 

15 merhylpentane, cyclohexane, benzene or 
toluene. Branched chain aliphatic compounds 
are particularly preferred. Other suitable 
organic liquids are paramnic hydrocarbons 
obtained by ctf stillation of petroleum eg. white 

20 spirit and also chose compounds which contain 
fluorine, chlorine, or phosphorus and chlorine, 
for exaimpie, carbon tetrachloride. 

Other suitable organic liquids are the polar 
oxygen compounds such as isopropyl alcohol. 

25 Silicone fluids can also be used. 

For best results, the amount of graphite m 
•the graphite/organic liquid mixture should 
not exceed 50% wt; preferably it should be 
from 2—20% wt. 

30 The grinding may be earned out in any 
suitable grinding mill or device and grinding 
is continued until an oleophilic graphite having 
a surface area (as determined by nitrogen 
adsorption) of at 'least 20, preferably at least 

35 30, square metres per gram is obtained. Usually 
this can be achieved by grinding at normal 
temperatures for the required period but the 
temperature of the mixture may be artificially 
increased if desired, for example, up to 400°C 

40 In this case, liquids which hav e viscosities up 
to 600 centistokes at 100°F (38^Q may be 
used, for example, mineral lubricating oils, 
ranging from "spindle'* oils to "bright stocks** . 
One of the quickest and most effective tech- 

45 niques is to carry out the grinding in a vibra- 
torv bail mill. 

Air preferably is excluded so far as possible, 
during the grinding operation and this can be 
most easily achieved by filling the mill with 

50 the organic liquid first, followed by the baBs 
and graphite. A suitable procedure is to fill 
the mill" with liquid, add half the balk, then 
the graphite and finally the rest of the balls. 
Alternatively a continuous circuiting process 

55 can be used in which the grinding chambers 
are full of grinding liquid during the grinding. 

When using a ba ll mill, it is of course desir- 
able to use bails made of a material which 
does not react with the graphite and which 

60 does not wear unduly during the grinding. 
Vibratory ball mills usualy contain steel baHs 
and these are suitable for the present purpose. 
It is preferred to use a hard grade of steel 
for the baHs. 

65 A magnetic filter can be used to remove 



small steel particles from the slurry. A circu- 
latory system can also be used wherein the 
slurry is pumped through an external magnetic 
filter and then returned to the mill. 

A suitable vibratory ball mill is sold under 70 
the trade name "Megapact", Registered Trade 
Mark manufactured by Pilamec Lrmited. The 
grinding effect is produced by the impact of 
the baHs upon the graphite and upon each 
other, and die casing. 75 

The slurry of oleophilic graphite can be 
separated from the balls by sieving or by dis- 
placement by another liquid and sieving. 

As in vibratory ball mills, the greater die 
energy of grinding the higher the adsorptive 80 
capacity for long chain hydrocarbons and the 
greater the oleophilic properties of the com- 
pound the higher energy vibratory ball rnrHs 
and tower viscosity grinding fluids are pre- 
ferred. 85 

Preferred vibratory ball mills having an 
amplitude of vibration of at least 2 mm and 
preferably more than 3 mm and a frequency 
of vibration of at least 1500 preferably at 
least 2500 vibration/min. Most preferably an 90 
amplitude of vibration of 4 mm is used. 

Preferred grinding liquids used in vibratory 
baH mills have a viscosity at 100°F <38°C) of 
less than 30 centistokes, more preferably less 
than 3 and most preferably less than 1. 95 

The polymers which are used in the present 
invention are preferably olefin polymers pre- 
pared by the polymerisation of the monomer 
using a Ziegler catalyst. Hie Ziegler catalysts 
give rise to a straight chain polymer with 100 
virtually no chain branching. The preferred 
polyolefins are polyethylene, polypropylene and 
copolymers thereof. 

Other polymers that can be used are sub- 
stituted polyolefins such as polyvinyl chloride 105 
and polyvinyl acetate. 

Preferably the polymers used have a mole- 
cular weight of at least 10,000 and more prefer- 
ably have a molecular weight of at least 25,000. 

Preferably the modified oleophilic graphite no 
contains less than 1% by weight of the poly- 
mer and more preferably contains i% or 
less by weight. 

The polymer can be added to the grinding 
tiquid before, during or after the grinding. 115 
It is preferable to add the polymer to the 
oleophilic graphite in the grinding (liquid after 
grinding has finished, but before the grinding 
fluid is removed, though the polymer can be 
added during grinding. 120 

In order to enable ready adsorption of the 
polymer on the graphite, the grinding fluid 
and polymer should preferably be chosen so 
that the polymer is soluble in the grinding 
fluid, ie. a substantially single phase can be 125 
formed of polymer and grinding fluid. 

In a preferred embodimenr of the invention 
oil is added to the slurry of grinding fluid 
polymer and modified oleophilic graphite and 
the grinding fluid filtered off. Preferably less 130 
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than 20% by weight of oil, based on the 
weight of grapbke, is added to the grinding 
•liquid/slurry mixture so that -all the oil added 
is adsorbed on the graphite. This embodiment 

5 enables a 'dry 5 graphite which comprises 
graphite particles surrounded by an oil and 
polymer coating to be fonmed. Such a graphite 
is very readily dispersible in oiL The 'dry' 
graphite can be easily •cranspouted from place 

10 to place. 

The lubricating base oil used 'for preparing 
•lubricating compositions according to -the in- 
vention may be a mineral oil or a synthetic 
oil. 

15 Suitable mineral oils axe refined (mineral oils 
obtained from petroleum, for example, those 
having a viscosity at 2flO a F mthin-the range 
from 2 to 50 centistokes preferably ifrom 4 to 
40 cenmstokes. 

20 Synthetic lubricating oils include organic 
esters, polyglycol ethers, polypheny! ethers, 
fhiamnated hydrocarbons, silicate esters, sili- 
cone oils and mixtures thereof. 
Hie most important class of synthetic oils 

25 are the organic liquid polyesters, particularly 
the neutral polyesters, having a viscosity at 
210 a F within the range from 1 to 30 cenua- 
stokes. The expression 'polyester* is used to 
mean esters •having at 'least two ester linkages 

30 per motoric. The expression 'neutral' as used 
to mean a fully esterified product. Examples 
of suitable polyesters include liquid diesters of 
aliphatic djcarboxyKc adds and monohydric 
a'Jcohols (for example, dioctyl, sebacate, 

35 dmonyl sebacate, octyl nonyi sebacate, and 
ihe corresponding azelates and adipaft-es), 
■liquid diesters of aliphatic dk^rboxylic acids 
and phenols (tfor examole, those described an 
U.K. patents 1,059,995, .1,058,906, 1,044,550 

40 and 1,044,883), and more complex polyesters 
(for example, those described in U.K. patent 
sptxincations 666;697, 743,57'L, 780,034, 
831,96(2, "933,721, 971,901, 986,069, M<*5,965 
and in oonpenxfing U.K. patent applrcatkm 

45 31249/65 Specification No. 1,129^*5). 

Tho amount of oleophilic graphite required 
to thicken the base oil to form a grease will 
depend on the nature of the oH and the con- 
sistency of grease required. For most purposes 

50 an amount up to 50% wt, based on die final 
grease, will be used. However, it is remarkable 
that okophSJic graphite can tiwcken oils to 
provide greases with very useful properties at 
concentrations as tow as [from 10 to 20% wt., 

55 based on -the final grease, and ibis is the pre- 
ferred concentration range. 

The greases according to the mvention [have 
remarkable rrigh Drop Points. When .their drop 
points are measured according to the IP or 

60 ASTA1 standard methods, they are found to 
be above 400°F; such greases are described as 
^infusible' and are difficult to produce by con- 
ventional methods. By using carefuly selected 
base ois, far example, symhetic ofls w(im !b%h 



oxidation and thermal stability, greases having 65 
a unique combination of properties can be 
produced 

. It has been found that greases according to 
the invention respond readily to conventional 
additives such as antioxidants and, especially 70 
for use at temperatures above 140°C, anti- 
oxidants can be aded to the greases according 
to the 'invention. In certain circumstances it 
may be advantageous to add dispersants to 
■tine graphite either before grindnig or after 75 
grinding to oleophilic graphite. In d5s way the 
dispersion of the ofeophihc graphite may be 
aided. Viscosity index (improvers, metal de- 
activators, anti-corrosion agents etc. can also 
be added to the greases. I^d-carrydng addd- 80 
tives can also be added to the greases accord- 
ing to the invention. 

It is a (feature of the present imvention mat 
it enables greases to be prepared by the rela- 
tively simple means of dBpersing the modified 85 
oteophdiic grapbke in the base oii In order 
to facilitate the dispersion of the graphite the 
oil containing the modified oleophilic graphite 
can be subjected to agitation e.g. by colord 
milling. In some cases it will be necessary 90 
to beat the oil* before dispersing .the modified 
oleapMKc graphite in it 

The invention wiH now be described with 
reference to the following examples.. 

Example 95 
Graphite was ground in a vibratory bail 
mi sold under the trade name Megapact by 
the Pifemec Co. This mill 'has an amplitude 
of vibration of 4 nam and a period of vibracron 
of 3000 vibrations par minute (50 cycles per 100 
second). 

The grinding chamber was fi-Med with white 
spirit, the balls and graphite added and the 
chamber sealed. The grading continued for 
8 hours. 105 

The white spirit plus graphite was separated 
from tdie balls -in the ball mitt, and 0.5*% by 
weight based on the weight of graphite, of a 
polypropylene ibrmed by pofymejEsbg poly- 
propylene using a "Ziegler" catalyst of mole- 110 
cuter weight approximately 180,000 added 
thereto. 12% by weight of BG 160/95 base 
oil (a solvent refined oil of viscosity 160 Red- 
wood No. 1 sees at 140°F and a viscosity 
index of 95) was added thereto and the white 115 
spirit filtered off then die graphite dried to 
give a dry graphite. 

Hie above process was repeated using a 
pcflyethyfene of molecular weight of approxi- 
mately 400,000 in place of the polypropylene. 120 

The "encapsulated" graphite thus famed 
was dispersed in some more of the same base 
oil by s tinting at a temperature of 90— ill0°C, 
cooled, and greases were formed. The proper- 
ties of the greases formed using the poly- 125 
propylene are shown in.Tabfc 1, and those 
using die polyethylene are shown hi Table 2. 
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Table 1 



Wt. of treated graphite 


*Sc 
Unworked 


ale Penetrations 

Worked 60 strokes 


Bleed 
DTD 825 


16% 


80 


85 


9% 


17% 


83 


£8 


7.5% 



Table 2 



Wt. of treated graphite 


| Scale Penetration 
Worked 60 strokes 


Bleed 
DTD 825 


15% 


86 


7.5% 



Thus it can be seen that the present inven- 
tion enables a readily dispersa>le "dry" oko- 
5 pbihe graphite to be formed which can easily 
be transported and added to a base ofl to 
form a grease. 

WHAT WE CLAIM IS: — 

1. Oleophftrc graphite prepared by grinding 
10 a natural or synthetic graphite below the sur- 
face of an organic iiquM tifl a surface area 
of at least 20 square metres per gram as 
attained modified by having adsorbed on its 
surface a substantially straight chain polymer 

15 as herein defined. 

2. A modified oleophilic graphite as claimed 
in claim 1 in which the substantially straight 
chain polymer is a •polyethylene, a poly- 
propylene or a copolymer thereof. 

20 3. A modified oleophilic graphite as claimed 
in claim 1 or 2 which contains less than 5% 
by weight of the polymer. 

4. A modified oleophrik: graphite as claimed 
in claim 3 which contains less than 2% by 

25 weaght of the polymer. 

5. A modified oleophilic graphite as daimed 
•in daim 4 which contains less than \% by 
•weight of the polymer. 

6. A modified oleophiHc graphite as daimed 
30 in any one of the preceding cfaims in which 

the polymer has a molecular weight of at least 
10,000. 

7. A modified oleophilic graphite as claimed 
in claim 6 in which the polymer has a tmde- 

35 cularwaght of at least 25,000. 

8. A method of preparing a cHspersiou of a 
modified oleophilic graphite as daimed in any 
one of daims 1—7 in which the substantially 
straight chain polymer, as herein defined, is 

40 added to the organic grinding Hquid before, 
during or after grinding. 



9. A method as claimed in claim 8 on which 
the organic liquid has a viscosity below 600 
centistokes at 100°F, distrhs below 500°C and 
has a surface tension below 72 dynes/cm 45 
at 25°C. 

HO. A method as claimed in daim 8 or 9 
in which the organic grinding -Hquid is a hydro- 
carbon containing from 1 to 10 carbon atoms. 

11. A method as claimed in any one of 50 
claims 8— 10 an which the amount of graphite 

in die graphite/organic grinding tiqmd mix- 
ture is "less than 50% by weight. 

12. A method as claimed in daim W in 
which the amount of graphite in the graphke/ 55 
organic grinding Hquid mixture is (from 2 to 
20% by weight 

13. A method as claimed in any one of the 
preceding claims in which the grinding is 
carried out in the substantial absence of air. 60 

14. A method as claimed in any one of 
the .preceding claims in which the polymer is 
a poiyolefin. 

15. A (method as claimed in any one of the 
preceding cfeims in which the polymer is a 65 
polypropylene, a polyethylene or a copolymer 

of ethylene and propylene. 

16. A method as claimed in any one of 
claims 8 — >15 in which the polymer is added 

to the grinding liquid in an amount of less 70 
than 5% by weight based on the weight of 
graphite. 

17. A method as daimed in dteam 16 in 
which the polymer is added to the grinding 
liquid in an amount of Jess than 2% by weight 75 
based on the weight of graphite. 

18. A method as claimed in claim 17 in 
winch the polymer -is added to the grinding 
'liquid in an amount of less than 1% by weight 
based on the weight of graphite. 80 

19. A method as daimed in claim 17 in 
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'wfodrih the polymer is added to nha gimding 
liquid lin an amount of 'less than $% by weight 
tesed on the weight of ^phke. 

20. A method as claimed in any one of die 
5 preceding dadms $ — il9 in whach the grinding 

takes pfece in a vibratory hail m2L 

21. A metitod as claimed in any one of 
cMms 3 — 20 in which die porymer has a mole- 
cute weight of at feast 10,000. 

10 22. A method as claimed on claim 21 in 
which tihe jpolymer !bas a motecutar weight of 
at ikast 25,000. 

23. A (method as claimed an any one of ohe 
preceding claims an whtkh a mineral or syn- 

15 thetic -khricating oit is added *o die grinding 
'Mqudd /grap^dte /polymer mixture. 

24. A method as claimed in dbSm 23 in 
which less than 20% by weight of the Mm- 
catmg oH, based on the wei^t of graphite is 

20 added to the grinding iiqiid/grapferte/polyimer 
mixture. 



25. A method as cfaimed in any one of 
claims «8 — 22 in which -the modified okopMc 
graphite is separated (Cram the grinding liquid. 

26. A method as clai med in claim 22 or 25 
24 in wMch iht modified oleophilic graphite 
and at toast some of the hibricating oil is 
separated from die grinding dBqnidL 

27. A meatod df preparing a modified oleo- 
phtlic ^naphite as claimed in claim 1 as herein 30 
before described with reference to die Ex- 
amples. 

28. Modified oleqpWc graphite prepared 
by die method of any one of chinos 25—27. 

29. Imbricating compositions comprising a 35 
mineral or synthetic lubricating oil and a modi- 
fied okopMc graphite as claimed on any one 

of claims 1—7 or claim 28. 

J. WOOLARD, 
Agent for the Applicants. 
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